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Japanese Patent Laid-Open Number 4-350627 
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[Title of the Invention] Electro-Optical Device 
[Summary] 

[Purpose] In an active matrix electro-optical device, to improve the production yield and 
performance of an active matrix 

[Constitution] In an active matrix electro-optical device, an active matrix circuit is 
constituted on a single crystal semiconductor substrate. 

[What is Claimed is:] 

[Claim I] A liquid crystal electro-optical device comprising: 

a single crystal semiconductor substrate having a circuit of a matrix 

structure comprising an insulated gate field effect transistor and constituted by an active 

element provided with at least one plate type electrode; 

a transparent substrate provided with a transparent electrode; and 

a liquid crystal layer provided between the semiconductor substrate and 

the transparent substrate. 

[Claim 2] A liquid crystal electro-optical device comprising: 

a single crystal semiconductor substrate having a circuit of a matrix 

structure comprising an insulated gate field effect transistor and a circuit having a 

complementary insulated gate field effect device (CMOS) provided in the periphery for 

driving said circuit of the matrix structure: 

a transparent substrate provided with a transparent electrode: and 

a liquid crystal layer provided between the semiconductor substrate and 
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the transparent substrate. 

[Claim 3] A liquid crystal electro-optical device comprising: 

a single crystal semiconductor substrate having a circuit of a matrix 

structure comprising an insulated gate field effect transistor and a circuit having a bipolar 

transistor provided in the periphery for driving said circuit of the matrix structure; 

a transparent substrate provided with a transparen: electrode; and 
a liquid crystal layer between the semiconductor substrate and the 

transparent substrate. 

[Claim 4] A liquid crystal electro-optical device comprising: 

a single crystal semiconductor substrate provided -.vith a circuit having a 
circuit of a matrix structure comprising an insulated gate field effect transistor, a 
capacitor inserted in series into one of input and output terminals c: the insulated gate 
field effect transistor, and a flat electrode connected in parallel to :ae capacitor; 

a transparent substrate provided with a transparen: electrode: and 
a liquid crystal layer provided between the semiconductor substrate and 
the transparent substrate. 

[Claim 5] A method of manufacturing a liquid crystal electro-optical device comprising 
the step of: 

forming a device comprising a circuit of a matrix structure including a switching 
element having an insulated gate field effect transistor and a capaciror inserted in series 
into one of input and output terminals of the insulated gate field effect transistor on a first 
substrate: 

in the matrix circuit on the single crystal semiconductor subsrate, examining a 
characteristic of the switching element by sending a signal to two firings being 
orthogonal to each other to constitute a matrix and connected to the two terminals of the 
switching element having the insulated gate field effect transistor: 

forming thereafter a flat electrode connected in parallel to the capacitor on the first 
substrate: 

providing a transparent substrate provided with a transparent electrode: and 
injecting a liquid crystal material between the first substrate md the transparent 
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substrate. 

[Claim 6] A liquid crystal electro-optical device comprising: 

a single crystal semiconductor substrate provided with a circuit if a matrix 

structure having an insulated gate field effect transistor and a luminescence element; 
a transparent substrate provided with a transparent electrode; ar.i 
a liquid crystal layer provided between the semiconductor substrne and the 

transparent substrate. 

[Claim 7] A liquid crystal electro-optical device comprising: 

a single crystal semiconductor substrate provided with a circuit :: a matrix structure 
having an insulated gate field effect transistor and a memory circuit provided in the 
circuit; 

a transparent substrate provided with a transparent electrode: an; 
a liquid crystal layer provided between the semiconductor substri:e and the 
transparent substrate. 

[Claim 8] A liquid crystal electro-optical device according to claim 7 --herein the 
memory is static random access memory. 

(Claim 9] A liquid crystal electro-optical device according to claim 7 -"herein the 
memory is dynamic random access memory. 

[Claim LOj A liquid crystal electro-optical device according to claim " therein the 
memory is erasable programmable read-only memory (EPROM). 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The present invention relates to an image display device using sc-called electro- 
optical material or electro-optical element in which optical characterises of a liquid 
crystal or the like can be modulated by electric factors such as a volta^. a current, 
frequency, and the like. In particular, the present invention relates to i display device in 
which each pixel is provided with an electric element such as a transis:or to control the 
pixel. 
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[0002] 
[Prior Art] 

In the present flat-panel display (plate type display device), liquid crystal material is 
indispensable material. It is widely known that when a voltage is applied with liquid 
crystal material interposed between parallel plate electrodes, the optical characteristic is 
varied in accordance with the applied voltage, whereby there are effects such that light is 
transmitted or light is shielded. Since the effects are widely known, display devices are 
fabricated using the phenomenon. 
[0003] 

In a liquid crystal display device in its first stage, the number of display pixels is 
small as used in a display of numbers used in calculator. If the liquid crystal device is 
used for a display of computers or televisions, the number of display pixels is desired to 
be larger one. Usually, to control such a large-scale pixel, a matrix structure in which 
control lines are arranged in rows and columns is used. As a liquid crystal display device 
using a most simple matrix structure, a liquid crystal display device has a simple matrix 
structure. Principle of this structure is as follows: a conductive narrow line which is 
made of a transparent material is formed in the shape of film on a glass substrate and 
another glass substrate is disposed opposing thereto and a transparent conductive narrow 
line is also formed on the opposing substrate. Then, the narrow lines of both substrates 
are opposed to be orthogonal to each other and a liquid crystal material is injected 
therebetween. Then, if a voltage is applied to one lateral narrow line as well as one 
longitudinal narrow line, a voltage is applied to only a liquid crystal at the intersection 
portion, thereby selectively controlling the pixel at the only portion. However, according 
to the simple matrix system, there arises a problem of so-called crosstalk that a voltage is 
indirectly applied to pixel of an unintended portion and the liquid crystal reacts. 
[0004] 

An active matrix system is designed for the purpose to overcome the problem. 
According to the active matrix system, at each intersection between matrix lines which 
are arranged in rows and columns on a glass substrate, an electrode is formed to control a 
pixel, and an active element such as a thin film transistor is provided to control a voltage 
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applied to the electrode. By employing the active matrix system, the problem of crosstalk 

can be solved. 

[0005] 

In an active matrix type liquid crystal display device, image is clear and it is 
possible to control shades, namely gray scale can be displayed, so that it can be applied to 
a color television. 
[0006] 

[Problem to be solved by the Invention] 

However, since conventional active matrix uses a thin film transistor formed on a 
glass substrate, dispersion of the element was large and it had no reliability. Further, 
production yield was low and the price was expensive. The object of the present 
invention is to improve the reliability and yield of the active matrix liquid crystal display 
device which has such the defects and to propose more inexpensive active matrix liquid 
crystal display device and another electro-optical devices. 
[0007] 

[Means to solve the Problem] 

Active matrix of a liquid crystal display device according to the present invention is 
formed on a single crystal semiconductor substrate like an integrated circuit, as 
conceptually shown in Fig. 1. In Fig.l, reference numeral 101 shows a semiconductor 
substrate, 102 shows a liquid crystal active matrix region, 103 shows a peripheral circuit 
of the matrix, 104 shows another circuit, for example a tuner and an image processing 
circuit. In the case of forming an element on a semiconductor substrate, there are the 
following advantages as compared to the conventional case of formation of the elements 
on a material such as glass or the like. 
[0008] 

First, the process for producing semiconductor integrated circuits can be directly 
applied to the process for forming the elements. For example, in the case of using a glass 
material as a substrate, it is necessary to set the substrate temperature at 700°C or lower 
to avoid irreversible shrinkage and warp of substrates. These shrinkage and warp are 
caused because an amorphous material such as a glass material becomes systematic by 
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thermal treatment though it is quite minute size. On the other hand, since there is quite 
small amorphous component in a single crystal semiconductor substrate, physical thermal 
expansion is generated by a heat treatment but it is reversible. Therefore, the process 
temperature can be raised up to a high temperature of 1000 'C or higher, of maximum 
about 1300°C. 
[0009] 

Next, in the case of forming an active matrix on a semiconductor substrate, as an 
active element, a single crystal field effect type transistor having good characteristic can 
be used. On the other hand, in the case of forming an active matrix on a substrate such as 
glass or the like, usable active element is a thin film transistor using an amorphous 
semiconductor or a polycrystal semiconductor because there are temperature restrictions.. 
The operation speed is one several or lower, generally one tenth or lower of the above 
mentioned single crystal transistor. Further, with regard to the production yield and 
fluctuation, the yield of a single crystal transistor is much higher and fluctuation is quite 
smaller as compared to those of thin film transistor. 
[0010] 

Thirdly, there is an advantage regarding a peripheral circuit. In the conventional 
liquid crystal elements, a peripheral circuit controlling an active element is generally 
required the following works that chip of a semiconductor integrated circuit is attached 
on a glass substrate on which an active matrix is formed and each wiring of an active 
matrix is connected to the terminal provided on the integrated circuit. In the case of 500 
wirings in total, interval between wirings of matrix is 200um where the display has a side 
of 10cm, and interval between wirings of matrix is 40iim -.vhere the display has a side of 
2cm. Also, the number of matrix lines is increased, it is apparent that finer image can be 
obtained. For example, in the case of a high-vision television, it is required that the 
number of scanning lines thereof is twice as many as general televisions used today. 
Therefore, it may be considered that a wiring having 10 urn pitch, for example is 
required. In this case, it is impossible to use such a methcd that a mechanical technique 
is utilized, so-called TAB. Even if such a severe condition is not required, in the case of 
performing a mechanical treatment, it caused a breakdown of active elements due to static 
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electricity or the like. Consequently, there is a fear that yield is impaired. 
[0011] 

To avoid the fear, it is considered that a peripheral circuit is constituted with a thin 
film material in the same way as an active element of matrix. However, the thin film 
material is used, there is a limitation in characteristics after all. Specifically, when silicon 
is used as a semiconductor, a single crystal silicon has an electron mobility of 
1350cm 2 /Vs, instead of this, a polycrystal silicon having best quality has an electron 
mobility of about 300cm 2 /Vs. Also, the reproducibility is quite inferior. 
[0012] 

On the other hand, in the case of forming an active matrix on a single crystal 
semiconductor substrate, it is possible to form the peripheral circuit simultaneously on the 
same substrate. Therefore, the need for the above mentioned mounting technique, such as 
TAB, is eliminated. Further, the peripheral circuit thus formed is a single crystal 
semiconductor integrated circuit having superior characteristic and the following can be 
easily accomplished according to user's purpose: a CMOS type circuit which is low 
power consumption is integrated therein, a bipolar type circuit which is operated at high 
speed and is superior in controlability of large current is integrated therein, or so-called 
BiCMOS circuit which has both advantages is integrated therein. By utilizing this, it is 
possible to fabricate, for example one wafer computer or one wafer television according 
to the present invention. 
[0013] 

In addition, in a matrix region of a liquid crystal, integrated density of an active 
matrix element for driving a liquid crystal is quite low. For example, in a small-size 
monitor television having diagonal of 2-inch, the area of a liquid crystal cell (one unit of 
pixel) is about 60um x 60um. In such a large area, one or several transistors for driving a 
liquid crystal may be provided, and in fact, lOum x 10um is enough area for providing 
the transistors. Accordingly, it is not the best way that the rest large area is left without 
using, so that an element is formed on the portion to utilize effectively the large area. • 
Specifically, the large area can be used for forming memory elements such as a dynamic 
random access memory (DRAM), a static random access memory (SRAM), an erasable 
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programmable read-only memory (EPROM). Since these memory elements need a 
matrix structure in the same way as a liquid crystal display, matrix of these memory . 
elements can be formed at the same time with a liquid crystal matrix. Therefore, there is 
an advantage that these elements are formed with the formation of an active elements for 
a liquid crystal. 
[0014] 

Fig. 4(B) shows a conceptual drawing of the device in which an active matrix is 
formed on a single crystal semiconductor substrate 401 having a size of 20mm x 15mm 
and two memory regions 404a and 404b are integrated in a matrix portion 402. The area 
of a liquid crystal display portion has 14mm x 9mm. Memory is driven by a peripheral 
circuits 405a to 405d which are arranged in an external portion of the matrix. Further, the 
liquid crystal and the memory are controlled by Micro Processor Unit (MPU) 406a and 
406b. 
[0015] 

In the example shown in Fig. 4, the liquid crystal matrix has 42 x 75 dots and 
memory has a capacity of 4k x 2. The line of the matrix in a liquid crystal has the width 
of about 15um, and the line of the matrix in the memory has the width of 3um. Further, 
the design rule of a field effect transistor adopts 3um of a liquid crystal matrix and 
memory region. The design rule adopts 3um. Memory is called as a complete CMOS 
type and it is SRAM having 4 NMOS and 2 PMOS in one cell. Using this design rule as 
it is, an integration of memory can be further improved. It is possible to make the 
capacity at least 30 times as large as conventional one. Further, if design rule of l,um or 
less which is used for a general semiconductor at present is adopted, it is apparent that 
integration of memory is improved. For example, if design rule of O.Sum is adopted, the 
capacity of 256k x 2 is possible. 

The memory having such a scale can be used as inside memory device of a liquid crystal 

display integrated computer or image recording device. 

[0016] 

On the other hand, the size of a pixel in a liquid crystal according to the example 
is 180um x 200um which is large for a small-sized display. When the size of a pixel is 
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made to be smaller, for example, 40um x 50um, 150 x 300 dots can be accomplished. 
Needless to say, it is not technically difficult to make the pixel small.. In addition, 
according to the present invention, since the device is not needed to have transparency, 
the area of one pixel can be reduced logically to the area of an active element. 
Accordingly, in the same way as a general television screen, 640 x 480 dots can be easily 
accomplished. In this case, an area of one pixel is 22um x 18um. Fig. 4(A) shows a 
situation that a semiconductor chip shown in Fig. 4(B) is sealed in a ceramic package 
410. In the figure, reference numeral 411 shows a screen of exposed display surface of a 
liquid crystal display device and 412 shows a pin for connection. 
[0017] 

Since there are the above described advantages, it is preferable to use a single 
crystal semiconductor substrate. Fig. 3 shows a cross section of a liquid crystal device 
formed on a single crystal semiconductor to execute the preser.t invention. In Fig. 3(A), 
on a semiconductor substrate 301 such as a single crystal silicon or the like, a field 
insulator 302 for separation of elements, a gate electrode 303. an impurity region 304 to 
form a source or a drain are formed by using a conventional ir.regrated circuit 
manufacturing technique. Further, on an interlayer insulator. :onductive wirings 305 and 
306 are formed and connected to the impurity region. The wiring 306 functions as an 
electrode for a liquid crystal. The technique for forming these is a general integrated 
circuit manufacturing technique. Further, a transparent substnte 309 on which an 
electrode is formed by a transparent conductive film 308, is crposed to the semiconductor 
substrate at a specified interval and a liquid crystal layer 307 :i formed therebetween. 
[0018] 

As a liquid crystal material, a distributed liquid crystal r.vhich is called as a polymer 
liquid crystal), a twisted nematic (TN) liquid crystal, a super - listed nematic (STN) 
liquid crystal, a ferroelectric liquid crystal, or the like, is suitable. In particular, the 
distributed liquid crystal is not necessary to perform an orien'-idon treatment or use a 
polarization plate. Also, when a voltage is not applied, the distributed liquid crystal 
irregularly reflects incident light, and when a voltage is applied, the distributed liquid 
crystal has a transparency against incident light in all angles. Namely, angle of visibility 
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is wide. Therefore, transparency of the distributed liquid crystal is gradually changed 
according to the applied voltage, so that it is suitable to obtain delicate gray scale display. 
In the case of using a distributed liquid crystal as a liquid crystal material, an interval 
between substrates to interpose a liquid crystal should be about 1 to lOum. 
[00 19 J 

Of course, it is possible to use a twisted nematic (TN) liquid crystal, a super twisted 
nematic (STN) liquid crystal or a ferroelectric liquid crystal, which have been 
conventionally used well. However, if the TN liquid crystal or the STN liquid crystal is 
used, interval between substrates should be about lOum, and it is necessary to form an 
orientation film on electrodes 306 and 308 by rubbing treatment. 
[0020] 

Further, in the case of using a ferroelectric liquid crystal, the interval between 
substrates should be 1.5 to 3.5um, for example, 2.3ixm. Then, an orientation film is 
formed on one of electrodes and rubbing treatment is performed thereon. Further, the 
polarization plate is necessary for all of a TN liquid crystal, a STN liquid crystal, and a 
ferroelectric liquid crystal. Therefore, when these materials are used as a liquid crystal 
material, in addition to the structure shown in Fig. 3, an orientation film and a 
polarization plate are necessary. 
[002 1 J 

Fig. 3(B) shows another example of the liquid crystal formed on a single crystal 
semiconductor to execute the present invention. This structure is similar to that of Fig. 
3(A). however, there is such difference between them that a capacitor is formed to keep 
charge between the film and the substrate by a conductive film 360. Such the structure is 
well used in a dynamic random access memory (DRAM) of a semiconductor integrated 
circuit. Namely, the capacitor is inserted in parallel with an electrode 356 of a liquid 
crystal. 
[0022] 

By providing such a capacitor, it is possible to examine the characteristic of the 
device. Namely, in a state that the electrode 356 is not provided (therefore, in a state that 
neither a liquid crystal nor a counter electrode are provided), the device functions as 
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DRAM. Under the state, the conductive film 360 is grounded and signal is applied to any 
one of gate electrodes while the conductive wiring 355 is connected to the power. If the 
field effect transistor is normal, charge is stored between the conducive film 360 and a 
semiconductor substrate 351. Then, the conductive wiring 355 is removed from the 
power, and signal is applied to the gate electrode, thereafter, the stored charge is 
discharged. By examining an amount of the discharged charge at this time, the width of 
generated electric pulse, or the like, the characteristic of the field effect transistor can be 
investigated. If there are too many defects, they are collected before forming an electrode 
356 or a liquid crystal layer and the defective portions can be repaired. Needless to say, 
in the case of completing the liquid crystal device, the capacitor remains and functions as 
it is, therefore it is necessary to make the capacitor from being obstruction when the 
liquid crystal display operates. For example, if the capacitor has too large capacity, it 
causes that speed for driving the actual liquid crystal device is reduced and the power 
consumption of current is increased. Also, an insulating characteristic of an insulating 
film of a capacitor is impaired, thereby an electrode of a liquid crystal, namely, charges 
between an electrodes 356 and 358 leak. Therefore, it is necessary to pay a sufficient 
attention to the characteristic of the capacitor at the time of forming the capacitor. 
[0023] 

Further, Fig. 3(B) shows the case that a protective film 361 made of silicon nitride 
or silicon oxide, phosphorus glass or boron glass, phosphorous boron glass is formed on 
the electrode 356. These films have insulation and it is necessary to protect an element 
which is inside from invasion of foreign elements. Generally, partial electrodialysis of a 
liquid crystal material is caused by applying of a voltage. To avoid this, polarity of the 
voltage applied to the liquid crystal is reversed frequently in order that the voltage having 
the constant polarity is not applied for a long time. When a film having such an insulation 
is formed on an electrode, electrodialysis of a liquid crystal material is reduced in a quite 
degree. 
[0024] 

Such the display device is mainly used as a reflective type flat panel display, and as 
shown in Fig. 2, so-called projection type television can be produced. As shown in Fig. 
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2, a light source 201 for the purpose of projection, a reflective liquid crystal display 
device 202, a cooling device 203 to flow liquid for cooling 205 to cool the rear surface, 
and a screen 204 for projecting an image are provided. Light irradiated to a liquid device 
202 from the light source 201 is normally reflected in the same way as an image of a 
liquid crystal, irregularly reflected, or absorbed, thereby an irr.-ige of a liquid crystal 
device 202 can be obtained on a screen 204. If color image is preferred to be obtained, 
three sets of tight sources and liquid crystal devices are prepared and the light source is 
set to be three primary colors of light. 
[0025] 

On the other hand, it is important for such a projection type television to remove 
generating heat. The rear surface of the liquid crystal device if provided with a cooling 
device which functions to remove heat generated by light irradiation from light source. A 
cooling device of air cooling type is used in combination with :he cooling device. For 
example, at the rear surface of a liquid crystal device, cooling is performed by cooling 
device of liquid cooling and at the front surface of a liquid crystal device, cooling is 
performed by forced air cooling, thereby it is possible to perform more effective cooling. 
[0026] 

Also, in the case of using normal flat panel display, when a luminescence element 
such as an electro-luminescence element, luminescent diode, or laser diode is integrated 
on a semiconductor substrate and the luminance is used as a bick light, more clear screen 
can be obtained. The present invention will be explained in more detail with reference to 
embodiments below. 
[0027] 

[Embodiment 1] 

Fig. 5 shows a process of the present embodiment. First, on a P-type single crystal 
silicon substrate of 4-inch, as shown in Fig. 5(A), the portion except for 501a to 501d is 
removed by well-know LOCOS formation technique to form i silicon oxide film 502 
having a thickness of about SOOnm. At this time, boron is selectively introduced into a 
substrate by ion implantation to form a channel stopper. At this time, the region 501a to 
50 Id are exposed. 
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[0028] 

Then, by dry thermal oxidation method, on a surface of regions 501a to 501d, a 
silicon oxide film is formed at a thickness of 30nm. Thereafter, a polycrystal silicon film 
having a thickness of 300nm is formed by well-known low pressure CVD method and a 
tungsten film having a thickness of 500nm is formed by a well-known plasma CVD 
method. The polycrystal silicon film is added with phosphorus having a concentration of 
10*Vcm" 3 to have good conductivity. Instead of the tungsten film, a tungsten silicide film, 
a molybdenum film, or a molybdenum silicide film may be used. 
[0029] 

Further, in the present embodiment, a silicon oxide film, a polycrystailine silicon 
film, and a tungsten film are continuously formed without exposure of the substrate to the 
air while film formation. Namely, a dry oxidizing zone, a low pressure C\~D device and a 
plasma CVD device are prepared and a spare room is provided therebetween. Then, 
reaction is finished in respective devices, the spare room adjacent to the devices is 
exhausted to suitable degree of vacuum and the substrate is transferred to :he spare room. 
Then, next reaction device is evacuated and the substrate is transferred to :he next 
reaction device from the spare room, thereby reaction is completed. 
[0030] 

In this way, a silicon oxide film, a polycrystailine silicon film, and a tungsten film 
are continuously formed without cancellation of vacuum state, thereby obtaining good 
adhesion at interface of a film. 
[0031] 

Next, as shown in Fig. 5(B), a tungsten film and a polycrystailine film are etched by 
well-known photolithograph to form wirings 503a and 503b, and gate electrodes 504a to 
504d of the lamination film of a polycrystailine silicon and a tungsten. The typical width 
of the wirings is lOum and the typical width of the gate electrode 504 is 5um. 
[0032] 

Further, an arsenic ion is implanted at 10 16 /cm" 2 by ion implantation, in so-called 
self-alignment manner to form source regions 505a to 505d and drain regions 506a to 
506d by well-known thermal annealing. 
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- [0033 j 

Thereafter, as an interiayer insulating film 507, a phosphorous glass (PSG) film or a 
boron glass (BSG), or a phosphoborron glass (BPSG) is formed at about 500nm, and 
then, holes 508a to 508d for forming an electrode are formed on a source, metal wirings 
509a and 509b are formed by an aluminum film having a thickness of about 500nm. The 
typical width of the metal wiring has iOum. The manufacturing method of a peripheral 
circuit is not described in detail herein and the peripheral circuit and the matrix portion 
are formed almost at the same time. 
[0034J 

Then, a surface leveling organic resin 510, for example a polyimide resin is coated 
and formed on the metal wiring. Since this resin is needed to be sufficiently flat, it is 
necessary to work carefully. Further, holes for forming electrodes 5lla to 511d of 
respective transistors are formed and an aluminum film having a thickness of about 
50()nm is formed thereon by sputtering and further, a silver film having a thickness of 
about 2jLim is formed by vacuum deposition method thereon and patterned thereby pixel 
electrodes 5 L2a to 5 L2d are formed. One pixel electrode has a size of 50um x 40am. In 
this way, an active matrix for liquid crystal is formed on a single crystal silicon substrate. 
Accordingly, formation of the active matrix element is completed. After completing the 
process, chip for a liquid crystal display device is cut from the substrate. The size of chip 
is 3cm x 4cm and the size of matrix is 640 x 480. 
[0035] 

As a transparent counter electrode, a silicon oxide film (200nm) and an ITO(Indium 
Tin Oxide) film (200nm) are formed on a blue plate glass by sputtering. Then, a 
transparent substrate and a single crystal silicon substrate are opposed to each other at an 
interval of LOum and a distributed liquid crystal is interposed therebetween. In this way, 
a liquid crystal display device is manufactured. 
[0036] 

[Embodiment 2] 

On a single crystal semiconductor substrate, a liquid crystal display device having a 
cross section as shown in Fig. 3(B) is formed. The following is a description of forming 
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a liquid crystal matrix region referring to Fig. 6. In the same way as the case of 
Embodiment 1, on a P-type single crystal silicon substrate, by LOCOS forming 
technique and other field insulator forming methods, a region covered with a first silicon 
oxide film having a thickness of 200 to 600nm, for example 300nm in the shape as shown 
by reference numeral 601 in Fig. 6(A), and a region 602 where a surface of a single 
crystal silicon is exposed are formed. Then, an impurity is shallowly introduced into the 
region 602 to show an N conductive type. 
[0037] 

Subsequently, using well-known thermal oxidation technique, a second silicon 
oxide film having a thickness of lOOnm is formed to cover a portion 602 where the 
surface of the single crystal silicon is exposed. Thereafter, using a method of film 
formation such as well-known LPCVD method, plasma CVD method, or the like, a first 
silicon film having a thickness of 300nm is formed using a polycrystalline silicon film. In 
stead of the polycrystalline silicon film, an amorphous silicon film can be used. 
[0038J 

Then, using a thermal oxidation technique again, or a plasma CVD method or 
LPCVD method, a third silicon oxide film having a thickness of 100 to 500nm, for 
example 200nm is formed to cover the first silicon film. Then, using well-known 
photolithography technique, the second and the third silicon oxide films and the first 
silicon film are etched to expose selectively one portion of the region 602. At this time, as 
shown by Z :1 in Fig. 6(B), the portion to which an electrode of a liquid crystal display 
device is connected later is made to be larger than the other portions. Further, an 
impurity is introduced into the portion where a surface of N-conductive type is exposed 
to show P-type conductive type. 
[0039] 

Further, using thermal oxidation technique, a fourth silicon oxide film having a 
thickness of 10 to lOOnm. for example 20nm, is formed on the region where the surface 
of the silicon substrate is exposed. Then, on the fourth film, a second silicon film made 
of a polycrystalline silicon film or a multilayer film of a polycrystalline silicon film and a 
metal silicide film are formed and etched to obtain the situation as shown in Fig. 6(B). 
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Here, reference numeral 603 is a region covered with the first silicon film and 604 and 
605 are regions where the first silicon film is removed, and 606 shows a second silicon 
film. 
[0040| 

Thereafter, using well-known ion implantation method, N-type impurity is dispersed 
to form an impurity region of a field effect type transistor. By the step, the region 604 
functions as a drain region of a field effect type transistor and the region 604 functions as 
a common source region of the field effect transistor. Also, the region 606 made of the 
first silicon film functions as a gate electrode of each field effect type transistor. Further, 
the region 603 in the figure functions as a counter electrode of a capacitor provided in 
each field effect transistor in series, and normally connected to a common grounding 
conductor. 
[0041J 

Further, an interlayer insulating film having a thickness of 200 to lOOOnm, for 
example 500nm is formed and a hole 607 for forming an electrode is opened in a source 
region of each field effect type transistor and then a metal wiring 608 is formed. Then, 
an insulating film covers the surface. 
[0042] 

The cross section of the element thus formed is the same as that shown in Fig. 3(B), 
and the same as DRAM. Therefore, as described before, DRAM is operated with the 
element under this condition, thereby it is possible to test whether each field effect type 
transistor normally operates or not. 
(0043 J 

Thereafter, by a technique shown in Embodiment 1 or 2, a surfacs leveling film is 
formed and a hole 609 for forming an electrode of a liquid crystal is provided, thereby 
forming a reflective type electrode. Consequently, a liquid crystal dispiay device is 
completed. It should be noted herein that in an element shown in Fig. 6, only Z a 
transistor functions as an active element for driving a liquid crystal anci the other 
transistors function as a memory element of DRAM. However, X d anc Y a can not be 
used as a matrix of DRAM. 



i6 



JP4-350627 

[0044 j 

In this way, it is very effective to form a memory element of DRAM or the like in a 
liquid crystal matrix region at the same time in order to accomplish a small-size device as 
mentioned before. Not described in detail, a liquid crystal peripheral circuit has a 
constitution of a CMOS logical circuit. 
[0045] 

A projection type television shown in Fig. 2 is fabricated using device thus 
manufactured and the operation thereof is confirmed. 
[0046] 

[Embodiment 3] 

The read-only card-type electronic notebook is fabricated using a technique shown 
in Embodiments 1 and 2 and well-known semiconductor manufacturing technique. 
Namely, on a single crystal semiconductor chip having a size of 4cm x 6cm, a liquid 
crystal matrix (having 320 x 200 dot) as shown in Fig. 4(B) and high resistance 
polysilicon type SRAM (capacitor 256kbit) are formed, and the driving circuit is formed 
in the periphery of the matrix circuit. These and micro dry battery are integrated into the 
same plastic case. 
[0047 | 

In the same way as the conventional electronic notebook, schedule and address book 
can be displayed in the memory, and in addition to this, for example, map, photograph, or 
the like which is impossible to display in the conventional electronic notebook. The size 
of screen is about 3cm x 5cm. Also, an electronic notebook has a thickness of about 
2mm. An external device is used to store memory 
[0048] 

[EFFECT OF THE INVENTION] 

As mentioned above, it is proved that there are a lot of advantages by constituting a 
liquid crystal active matrix on a single crystal semiconductor substrate. To describe a 
technical idea of the present invention, description is given in the case of using a liquid 
crystal. However, to apply the idea of the present invention, it is clear that material 
having optical characteristics which are changed by an electric influence such as an 



17 



JP4-350627 

electric field, voltage, or the like without limiting the liquid crystal may be used. Also, 
the change of optical characteristics is not limited to the direct change such as a change in 
transmission, and any indirect change is possible, for example, in the case of piezoelectric 
effect material, physical parameter such as electric volume is changed, thereby causing 
the conversion of the 

physical change to an optical operation such as light reflection and refraction. 

[BRIEF DESCRIPTION OF DRAWING] 

Fig. I shows a conceptual view of the present invention. 

Fig. 2 shows an example of a projection type television manufactured by the present 
invention. 

Fig. 3 shows an example of cross sectional structure of a liquid crystal matrix of the 
present invention. 

Fig. 4 shows an example of a liquid crystal display device of the present invention. 
Fig. 5 shows an example of a manufacturing method of a liquid crystal matrix of the 
present invention. 

Fig. f5 shows an example of a manufacturing method of a liquid crystal matrix of the 

present invention. 

[DESCRIPTION OF MARKS] 

10 L ... single crystal semiconductor substrate 

102 ... liquid crystal matrix region 

103 ... peripheral circuit of liquid crystal matrix 

104 ... other circuits 
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